Objective: To estimate the excess deaths attributed to influenza in Spain, using age-specific generalized linear models (GLM) and the Serfling model for the period 1999-2005. Method: We reviewed mortality from influenza and pneumonia and all-cause deaths. We used an additive GLM procedure, including the numbers of weekly deaths as a response variable and the number of influenza virus and respiratory syncytial virus weekly isolates, the population and two variables to adjust for annual fluctuations as covariates. Using the Serfling model, we removed the trend and applied a temporal regression model, excluding data from December to April to account for the expected baseline mortality in the absence of influenza activity. Results: Globally, the excess mortality attributable to influenza was 1.1 deaths per 100,000 for influenza and pneumonia and 11 all-cause deaths per 100,000 using the GLM model. The highest mortality rates were obtained with the Serfling model in adults older than 64 years, with an excess mortality attributable to influenza of 57 and 164 deaths per 100,000 for influenza and pneumonia and all-cause, respectively. Conclusions: The GLM model, which takes viral activity into account, yields systematically lower estimates of excess mortality than the Serfling model. The GLM model provides independent estimates associated with the activity of different viruses and even with other factors, which is a significant advantage when trying to understand the impact of viral respiratory infections on mortality in the Spanish population.
Introduction
The number of influenza-attributable deaths is difficult to estimate directly as influenza infection is not usually laboratoryconfirmed, and a diagnosis of influenza rarely appears as the main cause of death in death certificates. Additionally, many report figures which reflect the impact of influenza on population mortality. These estimates were normally used to establish the cost-effectiveness and cost-benefit of the various strategies available for the prevention and control of this disease. 8, 9 These calculations used different sources of data or for cause of death, as well as distinct statistical models. Thus, different authors frequently reported excess pneumonia and influenza deaths, [10] [11] [12] excess deaths from respiratory and circulatory diseases 10, 13 or total excess deaths, [10] [11] [12] depending on the cause of death taken as reference. Similarly, distinct statistical models were used, which did not always include measures of influenza activity.
Among the first models used and never abandoned despite criticism of the methodology, 14 was that proposed by Serfling 4 in 1963, a classical approach based on a cyclic regression model, which continued to be used by different authors with slight modifications depending on their needs. 3, 12 When an alternative to these models and reliable information about influenza activity became available, Poisson regression models (or generalized linear models based on Poisson distribution function) started to be used, including not only data on influenza activity but also data on other respiratory viruses (respiratory syncytial virus) as covariables, which could explain influenza-attributable excess deaths.
These methods for indirect estimation of excess mortality have been used in several studies. In the United States, an excess mortality rate of 19.6 per 100,000 inhabitants was found, using all-cause deaths 11 as outcome, and 2.4 per 100,000 inhabitants using influenza and pneumonia as causes of death. 13, 15 In Europe, influenza-associated mortality using all-cause deaths as outcome ranged from an excess mortality rate of 13 per 100,000 inhabitants in Portugal 16 to 26 per 100,000 in the Czech Republic. 17 With influenza and pneumonia as outcome, reported excess mortality rates associated with influenza were between 1.45 per 100,000 in Portugal 16 and 3 per 100,000 in Italy. 12 In Spain, all-cause excess mortality attributable to influenza epidemics was estimated in Catalonia as 34.4 weekly deaths among persons aged over 64 years 18 (190.79 per 100,000 inhabitants annually).
The aim of this study was to estimate the mortality attributable to influenza in persons over 44 years old during the influenza seasons from 1999-2000 to [2004] [2005] in Spain. We also aimed to assess the two different models, with and without measures of influenza activity, to better understand the strengths and weaknesses of the two methods in order to evaluate the burden of influenza disease.
Methods
We analyzed the national mortality data for the period 1999-2005 provided by the National Statistics Institute, specifying the main cause of death codified according to the 10 th International Classification of Diseases (ICD-10). All-cause deaths and the codes of death related to influenza and pneumonia (J09-J18) were taken into account.
Viral activity data (including influenza and respiratory syncytial viruses only) were obtained from the Spanish Influenza Surveillance System (SISS) and the Microbiological Information System (MIS), respectively. The SISS is a sentinel system that aims to provide timely epidemiological and virological information on influenza activity in Spain. The system covers 2% of the total population of the 17 (out of 19) participating Spanish regions. The MIS is a national centralized system in which test results for all infectious diseases, including respiratory syncytial virus are collected, covering 25% of the Spanish population. 19 Both viral data corresponded to week 40 of a particular year to week 20 of the following year.
The population data used (annual estimates during the study period) was also provided by the National Statistics Institute.
The presence of the date of death in the examined mortality records allowed deaths to be distributed by epidemiological week during the period analyzed. The viral activity data were also obtained with the same periodicity. The results obtained were displayed by season (from week 40 of a particular year to week 20 of the following year) to take the seasonal pattern of influenza activity into account.
Two types of models were used to estimate the number of influenza-attributable deaths. The first model, the Serfling regression model adapted by Simonsen et al, 3, 7 did not include viral activity measures. This model, which assumes that errors are distributed according to a normal distribution function, consisted of applying a cyclic regression to the series of weekly mortality rates observed, previously removing the trend. To quantify the expected baseline mortality in the absence of influenza activity, we ran the model, excluding the weekly values between December and April of each year. The weekly excess mortality was calculated as the difference between observed mortality rates and expected mortality rates. The model used was the following:
where Y(t i ) is the number of deaths for week t i , two variables to adjust seasonal fluctuations (sine and cosine) and the linear and squared terms in t i .
The second model took measures of viral activity into account. This model was an additive generalized linear model (GLM), which assumes that errors are distributed according to a Poisson distribution function. Its equation included the number of weekly deaths due to the above-mentioned causes as the dependent variable Y (t i ), and, as covariables, two variables to adjust seasonal fluctuations (sine and cosine), the linear and squared terms in t i , the number of influenza (A and B types) and respiratory syncytial virus (RSV) isolates per week, and ␣ as a population offset variable:
Excess influenza-attributable deaths were calculated by taking into account the difference between the excess predicted by the model and that obtained when assuming 0 as the number of influenza virus isolates. 20 The excess was presented as the absolute number of deaths and mortality rates/100,000 inhabitants.
All of the analyses were done with the statistics program Stata, version 11. , with an estimated excess mortality rate due to influenza and pneumonia and all-cause deaths of 2.64 and 23.15 deaths per 100,000 inhabitants, respectively using the GLM model, and of 6.55 and 74.00, respectively, using the Serfling model. Conversely, with both models, the lowest excess mortality was found during the 2000-2001 influenza season (table 1) . Table 2 shows influenza and pneumonia, and all-cause excess mortality during the study period for the groups aged 45-64 years and 64 or more years, obtained with both models. The highest mortality rates were observed for the group aged 64 years or more, accounting for 6 and 57 deaths per 100,000 inhabitants, attributable to influenza and pneumonia and all-cause, respectively. Values between 2.5 and 2. 
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Discussion
The use of two different models to estimate influenzaattributable mortality during a specified period has been fostered by the need to compare the results obtained according to whether viral activity is taken into account or not. Excess influenzaattributable mortality patterns in the different seasons and age groups analyzed were similar with the GLM and Serfling models. However, the GLM model, which takes viral activity into account, yields systematically lower excess mortality estimates than the Serfling model, whose results have already been rated as conservative 12, 20 as the estimation is based on shorter time periods.
When a model such as the GLM is used, one of the assumptions is that the number of deaths due to a specific virus in any given week is directly proportional to the number of virus detections in that week, independently of the period of the year considered. Additionally, when using an additive model (identity link) the total number of deaths would be the sum of contributions from each virus plus the number of deaths due to other causes. 21 For this reason, although the GLM uses a longer time period to estimate the excess than the Serfling model, the higher specificity due to inclusion of viral activity could lead to lower estimates of excess influenza-attributable deaths.
The way in which the viral activity measures are incorporated into the model could also lead to differences. We worked with absolute frequencies of specimens testing positive to the different viruses for which information was available, while some other authors have preferred to consider isolate rates of the different viruses to carry out similar estimates in their own countries. 11, 22 These authors justified this use by the differences in coverage level and performance of the surveillance systems, factors which can be of particular importance when the period analyzed is long. Working with isolate rates implies knowing how many samples were analyzed, which is not always possible, and does not always guarantee better prediction. 23 Nevertheless, working with absolute frequencies of isolates as a measure of the viral activity of different viruses could not have introduced an important bias, because of the good performance of our surveillance system and its constant coverage in the period analyzed. 24 Differences in estimates obtained with the two models could also be attributed to the periodicity of the data analyzed (weekly data in our case) and, for the GLM model, could also be due the additive function used in the Poisson distribution. There is some controversy 25, 26 about the correct use of logarithmical models (log link) to estimate excess deaths, as in these models the number of deaths increases exponentially with the number of isolates, and the effects of each virus on the number of deaths are a multiplicative function, something which is not really permissible. Whether this assumption is accepted or not, what is notable is that additive models such as ours give lower estimates of excess deaths.
We obtained an excess mortality rate due to pneumonia and influenza of 15.3 deaths/100,000 inhabitants in persons aged over 64 years, in reasonable agreement with other countries using the Serfling model 12, 26 or Poisson model. 27 Using the GLM model, we obtained lower estimates of influenza-associated mortality in the same age group than those reported in other studies from the southern hemisphere. 28 In both models we used all-cause mortality and "influenza and pneumonia" as more specific causes of influenza-associated deaths. A more specific indicator such as excess deaths due to influenza and pneumonia would be desirable to assess the impact of seasonal influenza epidemics more accurately, 18 but would also have some drawbacks. Since not all influenza-associated deaths are coded as "influenza and pneumonia", the impact of influenza could be underestimated with this indicator. 29 In addition, mortality from all causes likely leads to an overestimation of influenza-related deaths. Between the 1999-2000 and 2004-2005 influenza seasons, we estimated an average annual excess of 2,682 and 27,307 influenza-related deaths using influenza and pneumonia or allcause deaths, respectively. The real impact of seasonal influenza on mortality would be within this range and varies with the season and the predominant influenza virus circulating in each season.
To assess the differences between the magnitude of the two models and to exclude the possibility of residual confounding by seasonality or other factors that could affect our estimates of excess influenza-associated deaths, we carried out an analysis using all deaths from accidents, according to the ICD-10 (V00-Y89), as a control group in the period 1999-2005 (data not shown). The GLM model estimated less than 1% of excess deaths from accidents in allage groups attributed to influenza, while in the Serfling model this percentage was 4%. These errors might be explained by the clear seasonality of car accidents or by bias introduced by the model in the calculation of excess deaths. These findings suggest that the GLM model might estimate excess deaths attributed to influenza more accurately than the Serfling model. Despite the differences in mortality estimates obtained with the models used, both models showed the highest influenzaattributable mortality rates for the 2004-2005 season, when the SISS recorded the highest influenza incidence rates since the 1996-1997 seasonal influenza period. 30 Likewise, in the 2000-2001 season, which showed the lowest influenza-attributable excess mortality rates with both models, influenza activity did not rise above the baseline threshold for the whole of Europe. 30 Influenzaassociated mortality can be described by considering the circulating virus strain with both models. As previously reported, 13 during seasons with predominant circulation of influenza A(H3N2) viruses (2001-2002, 2003-2004, 2004-2005) , 30 the average annual excess deaths was higher than in seasons when A(H3N2) was not predominant (1999-2000, 2000-2001, 2002-2003) . 30 Irrespective of the different results obtained with the two models, which could be important depending on the use made of these results, the GLM model, despite its greater complexity, has the advantage of giving independent estimates associated with the activity of different viruses and even with other measurable factors, which represents an important step when trying to understand the impact of viral respiratory infections on mortality in our population.
What is known on the topic?
The impact of seasonal influenza is usually quantified indirectly, using models estimating the observed excess deaths in winter seasons above the predicted mortality baseline in the absence of influenza virus circulation. Estimates of influenzaassociated deaths in Spain are scarce. This study provides estimates of the mortality attributable to influenza in the influenza seasons from 1999-2000 to 2004-2005 in Spain, using two models: one which includes measures of influenza viral activity and another that does not.
What does this study contribute to the literature?
The annual overall average for influenza-attributable deaths during the influenza seasons from 1999-2000 to [2004] [2005] in Spain, ranged from 447 to 1,122 for influenza and pneumonia causes of death, depending on the method used. This study represents a major improvement in assessing the burden of influenza disease in Spain and provides useful evidence to guide policies for influenza prevention and control.
